INTRODUCTION
============

A fungal ball of the maxillary sinus is the most common fungal disease that usually develops unilaterally in the maxillary sinus without bony invasion. It is most frequently found in older individuals, especially in their sixties, and has a female preponderance ([@B1]). A maxillary fungal ball is frequently diagnosed in patients with prolonged history of symptoms of recurrent maxillary sinusitis, or is incidentally diagnosed on imaging studies, such as computed tomography (CT) or magnetic resonance imaging (MRI). They can also be found during endoscopic sinus surgery (ESS) in patients diagnosed with chronic paranasal rhinosinusitis, even without typical CT findings ([@B2]). The treatment of choice for a fungal ball is complete surgical removal by ESS. After the surgery, the recurrence rate is very low ([@B3]-[@B5]).

Although invasive types of fungal sinusitis are common in immune-compromised patients, non-invasive fungal ball of the maxillary sinus is frequently found in healthy individuals without risk factors for fungal infection. The pathogenesis of the fungal ball of the maxillary sinus remains largely unknown. However, it is generally considered to be related to the inflammatory process associated with dental procedures on the maxillary teeth ([@B6]-[@B11]). However, confirmation of this correlation has not been reported.

Therefore, a case-control study was performed to determine whether the history of endodontic treatment on maxillary teeth is an independent risk factor for the development of a fungal ball in the maxillary sinus, and to identify other possible risk factors for the development of fungal balls in the maxillary sinus.

MATERIALS AND METHODS
=====================

Subjects
--------

Patients diagnosed with fungal balls in the maxillary sinus (FB group), with pathology confirmation after ESS at the Samsung Medical Center between May 1996 and January 2006 were included in the study. Paranasal sinuses and status of the maxillary teeth were evaluated by preoperative CT imaging. A total of 112 patients were enrolled in the FB group; one of the patients had bilateral involvement of the maxillary sinuses. Therefore, 113 maxillary sinuses were analyzed in total in the FB group.

For each case, an age and gender matched control was selected from 1,074 patients diagnosed with chronic paranasal rhinosinusitis (PNS group). All patients had pathology confirmation, during the same period of time. In addition, all paranasal sinuses and the status of the maxillary teeth were evaluated by preoperative CT scans in the PNS group. Therefore, a total of 112 patients were enrolled in the PNS group. Since every patient in the PNS group had bilateral involvement of the maxillary sinuses. Thus, 224 maxillary sinuses were analyzed.

The study protocol was approved by the Institutional Ethics Committee at the Samsung Medical Center, and informed consent was obtained from all patients prior to study enrollment.

Dental evaluation and underlying disease
----------------------------------------

Previous endodontic treatment was assumed if visible hyperdense spots, considered to be root filling material, were identified as shown in [Fig. 1A](#F1){ref-type="fig"} of a CT scan axial image ([Fig. 1](#F1){ref-type="fig"}). For the cases with endodontic treatment or dental extraction, the number of teeth involved was recorded. Teeth included in the study for analysis were: canine, first premolar, second premolar, first molar and second molar, referred to as the maxillary teeth.

The medical records were reviewed for diabetes mellitus, allergic rhinitis and asthma. Diabetes mellitus was defined as a fasting glucose concentration of 126 mg/dL or higher, and selfreport of the diagnosis of diabetes mellitus. Asthma was diagnosed by clinical symptoms, medical history and pulmonary function testing based on the guidelines of the American Thoracic Society. Patients with asthma had a forced expiratory volume in 1 second (FEV1) of less than 80% of normal, based on methacholine provocation test data. The diagnosis of allergic rhinitis was confirmed by medical history and skin testing, or specific IgE testing with the radioallergosorbent test (RAST).

Statistical analysis
--------------------

The chi-square test was used to compare endodontic treatment between the FB and PNS groups. Logistic regression analysis was performed for the possible confounding factor of dental extractions. In addition, the chi-square test was performed to compare dental extractions between the two groups. The frequency of endodontic treatment and dental extraction in the FB and PNS groups was compared by the Student *t*-test. Finally, the chi-square test was performed to compare the frequency of underlying disease, such as diabetes mellitus, allergic rhinitis and asthma. The data were recorded and analyzed using SPSS ver. 16.0 (SPSS Inc., Chicago, IL, USA). A *P*-value of less than 0.05 was considered to be statistically significance.

RESULTS
=======

Demographic data
----------------

Both the FB and PNS groups were consisted of 39 males and 73 females respectively. There were 1.87 times more females than males. The mean age of the FB and PNS groups were 55.5±1.1 and 54.6±0.7, respectively. The age and gender distribution in both groups were: 1 female patient in her twenties, 4 males and 5 females in their thirties, 9 males and 10 females in their forties, 15 males and 24 females in their fifties, 9 males and 28 females in their sixties, and 2 males and 5 females in their seventies.

Relevance of underlying disease to fungal ball development
----------------------------------------------------------

Twenty-three patients (20.5%) in the FB group had diabetes mellitus compared to 15 patients (13.4%) in the PNS group (*P*=0.154). Ten patients (8.9%) in the FB group had allergic rhinitis compared to 14 patients (12.5%) in the PNS group (*P*=0.388). Three patients (2.7%) in the FB group had asthma, compared to 11 patients (9.8%) in the PNS group (*P*=0.027) ([Table 1](#T1){ref-type="table"}).

Relevance of endodontic treatment and dental extraction to fungal ball development
----------------------------------------------------------------------------------

More than one endodontically treated maxillary tooth was found in 41 cases (36.3%) in 113 maxillary sinuses (112 patients) of the FB group, and in 36 cases (16.1%) in 224 maxillary sinuses (112 patients) of the PNS group (*P*=0.001). The mean number of endodontically treated maxillary teeth in the FB group was 0.63±1.04, compared to 0.27±0.61 in the PNS group (*P*=0.001). More than 1 extracted maxillary tooth was found in 35 cases (31.0%) from 113 maxillary sinuses of the FB group, and 59 cases (26.3%) from 224 maxillary sinuses of the PNS group. These differences were not statistically significant (*P*=0.719). The mean number of extracted maxillary teeth in the FB group was 0.35±0.76, compared to 0.53±1.19 in the PNS group (*P*=0.059). After correction for the effect of asthma through multivariate analysis, the frequency of endodontic treatment was 2.147 times higher in the FB group, compared to the PNS group (*P*=0.005) ([Tables 2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}).

DISCUSSION
==========

The incidence of fungal sinusitis varies between different countries and is known to account for between 4% and 13% of chronic rhinosinusitis cases ([@B12]-[@B15]). Despite variable incidence of fungal sinusitis, it is almost certain that one of the important etiologies is the fungus, and the effort to determine possible risk factors of the fungal ball is important for the treatment of chronic rhinosinusitis.

The results of this study showed that the frequency of endodontic treatment of maxillary teeth in the FB group was higher than that in the PNS group. There were 36.3% of patients in the FB group who underwent previous endodontic treatment on adjacent maxillary teeth, regardless of the dental extraction status. This is the first study to confirm that endodontic treatment is more frequently associated with the development of a maxillary fungal ball compared to chronic rhinosinusitis.

The floor of the maxillary sinus or sinus mucosa can be damaged by chemical and physical trauma causing inflammation as a result of endodontic treatment ([@B16]-[@B18]). Anatomically, the roots of the upper first premolar, second premolar, first molar and second molar are in close contact with the floor of the maxillary sinus and may protrude into the maxillary sinus in some cases ([@B18], [@B19]). Endodontic treatment is performed to cure neural damage resulting from dental caries. During the procedure, a hole is made in the target tooth first and then the nerve and vessels within the root canal are removed, followed by filling with inert materials. These filling materials can extrude during treatment and are frequently introduced into the maxillary sinus beyond the root canal, due to their close anatomical proximity. These procedural complications are common and part of everyday clinical practice. As a result, inflammatory response may involve the sinus mucosa ([@B16]-[@B18]). Root-filling materials containing zinc oxide-eugenol have been reported to microbiologically promote the growth of *Aspergiollosis fumigates* ([@B20]), and may reduce the protective function of the respiratory epithelium by paralyzing the cilia or by inducing soft tissue hypervascularization and edema ([@B21], [@B22]). Therefore, root filling materials are suspected to be the causative agents of maxillary sinus aspergillosis due to these mechanisms, as well as the anatomical proximity of the maxillary sinus and maxillary teeth ([@B6]-[@B10]).

In the present study, patients were matched by age and gender to control subjects. Because the development of fungal ball is known to occur more frequently in females than males and in older individuals, especially in their sixties. However, chronic rhinosinusitis is mostly encountered in younger individuals, in contrast to fungal ball development. Also, the tooth mortality rate increases with gingival recession, a loss of gingival attachment and decrease of the remaining teeth with normal aging ([@B1], [@B23]). If there were more elderly subjects included in a group, the frequency of dental extraction rate would escalate. And it could be difficult to compare the frequency of dental extraction and endodontic treatment between the FB and PNS groups. Therefore, randomly selected age and gender matched controls in patients with chronic rhinosinusitis who underwent ESS during the same period as the FB group were compared in the present study.

In addition, the association of dental extraction with the development of maxillary fungal ball was evaluated in this study. Dental extraction is often performed to manage dental caries. The floor of the maxillary sinus can be opened during extraction, which can cause maxillary fungal ball development or rhinosinusitis. The results of the present study showed that the number of dental extractions was not significantly different between the two groups. Therefore, no causal relationship was found between dental extraction and the development of fungal ball in the maxillary sinus.

The frequency of endodontic treatment on maxillary teeth in the present study was somewhat low compared to previous studies. Mensi et al. ([@B11]) found that 89.2% of patients with maxillary fungal balls and 36.9% of controls had undergone endodontic treatment on their maxillary teeth. Beck-Mannagetta et al. ([@B6]) reported that 44.1% of patients with a maxillary fungal ball had undergone endodontic treatment. These prior results were relatively higher than the findings of the present study. This discrepancy may be due to the difference in study groups selection. In previous studies, subjects were selected from patients visiting a dental clinic, which might have included patients with higher possibility of previous dental treatment. However, in the present study the subjects selected were from one otolaryngology clinic.

The effects of other nasal or systemic diseases on the development of fungal ball or chronic rhinosinusitis were also evaluated. Because fungal ball of the sinus - the most common fungal disease entity - has been found in healthy, immune-competent individuals unlike other types of invasive fungal sinusitis ([@B12], [@B14], [@B24]). There was no significant difference between the study groups with regard to the frequency of diabetes mellitus or allergic rhinitis, as expected. However, asthma was more frequently found in the PNS group compared to the FB group. Asthma is known to be associated with chronic rhinosinusitis and to aggravate the symptoms of chronic rhinosinusitis ([@B25]-[@B28]).

Therefore, the results of this study confirm that endodontic treatment on the maxillary teeth can be a significant risk factor for the development of a maxillary fungal ball, independent of prior dental extraction. In the future, the frequency of the endodontic treatment will increase with an aging population. Therefore, clinicians should consider the relevance of endodontic treatment to maxillary fungal ball. In addition, all endodontic instruments and materials should be restricted to the confines of the root canal system during treatment. Also, alternatives to zinc oxide are needed for root filling material during endodontic procedures that may decrease the frequency of fungal ball development in the maxillary sinus. As a result, we can reduce the physical and economic burden associated with fungal ball removal.
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FB: fungal balls; PNS: paranasal rhinosinusitis.
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Endodontic treatment and dental extraction in the FB and PNS groups
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Multivariate analysis of endodontic treatment and asthma in the FB and PNS groups
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